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Complexes [Zn{ Se;P(OEt)5} 2. (1) and [Zn{ Se,P(O'Pr),} 4] (2) are prepared from the reaction of Zn(ClO4),+6H,0
and (NH4)[Se2P(OR),] (R = Et and 'Pr) in a molar ratio of 1:2 in deoxygenated water at room temperature. Positive
FAB mass spectra show m/z peaks at 968.8 (Zn,Ls*) and 344.8 (ZnL*) for 1 and m/z at 1052.8 (Zn,L3*) for 2. *H
NMR spectra exhibit chemical shifts at & 1.43 and 4.23 ppm for 1 and 1.41 and 4.87 ppm for 2 due to Et and 'Pr
group of dsep ligands. While the solid-state structure of compound 1 is a one-dimensional polymer via symmetrically
bridging dsep ligands, complex 2 in the crystalline state exists as a dimer. In both 1 and 2, zinc atoms are connected
by two bridging dsep ligands with an additional chelating ligand at each zinc atom. The dsep ligands exhibit bimetallic
biconnective (u,, %) and monometallic biconnective (1?) coordination patterns. Thus, each zinc atom is coordinated
by four selenium atoms from two bridging and one chelating dsep ligands and the geometry around zinc is distorted
tetrahedral. The Zn—Se distances range between 2.422 and 2.524 A. From variable-temperature 3P NMR studies
it has been found that monomer and dimer of the complex are in equilibrium in solution via exchange of bridging
and chelating ligands. However, at temperature above 40 °C the complex exists as a monomer and shows a very
sharp peak while with lowering of the temperature the percentage of dimer increases gradually at the expense of
monomer. Below —90 °C the complex exists as a dimer and two peaks are observed with equal intensities which
are due to bridging and chelating ligands. ”’Se NMR spectra of both complexes at =30 °C exhibit three doublets
due to the presence of monomer and dimer in solution.

Introduction association in these compounds is sensitive to the steric
requirements of the chalcogenolato ligaAd=or example,
the solid-state structure for zinc compound containing'©,0
dialkyl dithiphosphate ligands, widely used as additives in
lubricating oils? is polymeric in the case of the ethyl
R i . .
*To whom correspondence should be addressed. E-mail: chenwei@ der!vat!vé4 of the Ilgand Wherea_s dlmer!c for the |sopropyl
cycu.edu.tw. derivative? However, structure in solution phase was not
T Metal Dialkyl Disele_nophosphates. 10. For part 9, see ref 11i. studied in detailed in this systéﬁlalthough the monomer
(1) (a) Ito, T.; lgarashi, T.; Hagihara, Hcta Crystallogr 1969 B25 . A . . .
2303. (b) Lawton, S. Linorg. Chem 1971 10, 328. (c) Watanabe, dimer equilibrium has been studied extensively by variable-

Y.; Hagihara H.Acta Crystallogr.1972 A28 S89. (d) Canty, A. J.; temperaturéH NMR,® 3P NMR,” and EPR for several main
Kishimoto, R.; Deacon, G. B.; Farquharson, Glnbrg. Chim. Acta

1976 20, 161. (e) Dance, I. GJ. Am. Chem. S0d.98Q 102, 3445.

In general, bridging chalcogenolato ligands complexes of
group 12 metals consist of polymeric structures and metal
ions are tetrahedrally coordinatétHowever, the degree of

(f) Said, F. F.; Tuck, D. Glnorg. Chim. Actal982 59, 1. (g) Craig, (2) (a) Bochmann, M.; Webb, K. J.; Harman, M.; Hursthouse, M. B.
D. C.; Dance, I. G.; Garbutt, R. @ngew. Chem., Int. Ed. Endl986 Angew. Chem., Int. Ed. Endl99Q 29, 638. (b) Bochmann, M.; Webb,
25, 165. (h) Dance, |. GPolyhedron1986 5, 1037. (i) Blower, P. J.; K. J.; Hursthouse, M. B.; Mazid, M. Al. Chem. Soc., Dalton Trans.
Dilworth, J. R.Coord. Chem. Re 1987, 76, 121. (j) Dance, I. G; 1991 2317. (c) Bochmann, M.; Bwembya, G. C.; Grinter, R.; Lu, J.;
Garbutt, R. G.; Craig, D. C.; Scudder, M. Inorg. Chem.1987, 26, Webb, K. J.; Williamson, D. J.; Hursthouse, M. B.; Mazid, M. A.
4057. (k) Dance, I. G.; Garbutt, R. G.; Craig, D. C.; Scudder, M. L; Inorg. Chem.1993 32, 532.
Bailey, T. D.J. Chem. Soc., Chem. Comma®87, 1164. (I) Dance, (3) (a) Rossi, E.; Imparto, LChim. Ind. (Milan) 1971, 3, 838. (. In
I. G.; Garbutt, R. G.; Craig, D. C.; Scudder, M.lhorg. Chem199Q Frontiers of Free Radical ChemistryHoward, J. A., Pryer, W. A,
29, 1571. (m) Krebs, B.; Henkel, GAngew. Chem., Int. Ed. Engl. Eds.; Academic Press: London, New York, 1980.
1991 30, 769. (4) Lawton, S. L.; Kokotailo, G. TInorg. Chem.1969 8, 2410.
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[Zn{SeP(OEt)} 2. and [ZnA SeP(OPr)2} 4]

group, transitional metal, and lanthanide compounds. We Experimental Section
have observed from VP NMR spectra that ZnDDP exist
as a monomer in solution at high temperature whereas it i, rchased from commercial sources and used as received. Com-
a dimer at low temperature. mercial CHCl, and ROH were distilled from /0 and Mg,
Although over the decades there has been a continuingrespectively. Hexane and diethyl ether were distilled from Na/K.
interest in the transition metal complexes of dialkyl dithiphos- Al the reactions were performed in oven-dried Schlenk glassware
phate ligands, little attention has been given for the by using standard inert-atmosphere techniques. The ligands NH
corresponding selenium analogue. Only few papers contain-S&P(OR} (R = Et and 'Pr)!®!'¢ and compounds [Z5;P-
ing diselenophosphate ligands have been published wherdOEtk} 2] and [Zr{ S;P(OPr )} 4] were prepared according to the
synthesis and spectroscopic properties of several transitiofiterature method8'. The elemental analyses were done using a
metal complexes have been studiedThe first attempt ~ ©erkin-Elmer 2400 CHN analyzeiti and*'P NMR spectra were
toward the synthesis, characterization, and spectroscopi recorded on an Advance-300 Fourier transform spectrométges.

. CNMR spectra at 20C were done on a Bruker AC-F200 and at
properties of Ag(l), Cu(l), Zn(ll), Cd(ll), Co(lll), and Rh- —30 °C were done on Bruker DMX-300 MHz. Th&P{*H} and

(1 complgxes with diethyl diselenophosphate ligands was 7Sq 1H} NMR are referenced externally against 8548y (6 =
made by Zingaro and co-worket®,but the structures were o) and PhsSeSePh (= 463), respectively. Positive FAB mass
not well characterized either in the solid state or in the spectra were carried out on a VG 70-250S mass spectrometer with
solution phase. Recently, several Cu(l) and Ag(l) compounds nitrobenzyl alcohol as the matrix.

containing diselenophosphate ligands have been isolated and Preparation of [Zn{SeP(OEt )3} 2]« (1). Zn(ClOy),-6H,0 (2
characterize® in our laboratory where most of the structures mmol, 0.745 g) was dissolved in 20 mL of water in a 100 mL
are completely different from the proposed structures by Schlenk flask. The water solution was deoxygenated by freeze
Zingaro. Besides, the unique properties of Se coordination pump-thaw cycles method. This solution was t_h(_an tre_msferred by
require further studies as they possess both bioldgiaat cannulg to another 100 mL Schlenk flask containing dlselengphos-
commercial importanc¥. Herein, we report the detailed ph.ate ligand [.NHSQP(OE&’ 4 T“m°'- 1.188 g]. The so_lutuon
synthesis, solid-state structures, and solution properties c)fmlxture was stirred fo2 h atambient temperature under nitrogen

. atmosphere. White precipitate was formed during the reaction
[Zn{ SeP(OEt} 2] (1) and [Zn{ SeP(OPr)}4] (2). From period. The resulting white precipitate was filtered out and washed

P NMR spectra at variable temperatures, it has been it ether. The white residue was then redissolved in dichlor-
observed that both compounds are monomers in solutionomethane and the solution layered with hexane, which afforded

above 40°C and dimers (or maybe a polymer in the case of crystalline material ofl. Yield: 60% (0.750 g). Anal. Calcd for
compoundl) below —90 °C in CD.Cl..

Materials and Measurements All chemicals and reagents were

(11) (a) Liu, C. W,; Chen, H.-C.; Wang, J.-C.; Keng, T.€hem. Commun

(5) Wystrach, V. P.; Hook, E. O.; Christopher, G. L. M.Org. Chem
1956 21, 705. (b) Goldberg, D. E. Fernelius, W. C.; Shamma, M
Inorg. Synth 196Q 11, 21. (c) Ashford, J. S.; Bretherick, L.; Gould,
P.J. Appl. Chem1965 15, 170. (d) Heilweil, I. JAm. Chem. Soc.,
Div. Pet. Chem., Preprl965 10, 19. (e) Dickert, J. J.; Rowe, C. N.
J. Org. Chem 1967, 32, 647. (f) Harrison, P. G.; Begley, M. J;
Kikabhai, T.J. Chem. Soc., Dalton Tran$986 925. (g) Menzer, S.;
Phillips, J. R.; Slawin, A. M. Z.; Williams, D. J.; Woollins, J. D.
Chem. Soc., Dalton Tran200Q 3269.

(6) (a) Bonasia, P. J.; Arnold, thorg. Chem 1992 31, 2508. (b) Kim,
G.-S.; DeKock, C. WPolyhedron200Q 19, 1363. (c) Sadique, A.
R.; Heeg, M. J.; Winter, C. Hinorg. Chem 2001, 40, 6349.

(7) (a) Izod, K.; O’Shaughnessy, P.; Sheffield, J. M.; Clegg, W.; Liddle,
S. T.Inorg. Chem200Q 39, 4741. (b) Blair, S.; Izod, K.; Clegg, W.
Inorg. Chem 2002 41, 3886.

(8) Glas, H.; Kanler, K.; Herdtweck, E.; Maas, P.; Spiegler, M.; Thiel,
W. R. Eur. J. Inorg. Chem2001, 2075.

(9) (&) Wasson, J. R.; Woltermann, G. M.; Stoklosa, Hraltschr. Chem.
Forsch. (Top. Curr. Chen) 1973 35, 65. (b) Molloy, K. C;
Zuckeman, J. JAcc. Chem. Red.983 16, 386. (c) Mehrotra, R. C.;
Srivastava, G.; Chauhan, B. P.Goord. Chem. Re 1984 55, 207.
(d) Haiduc, I. Rev. Inorg. Chem 1981 3, 353. (e) Haiduc, I;
Snowerby, D. B.; Lu, S.-FPolyhedron1995 14, 3389. (f) Liu, C.
W.; Stubbs, R. T.; Staples, R. J.; Fackler, J. R.JJAm. Chem. Soc
1995 117, 9778. (g) Long, D.-L.; Shi, S.; Xin, X.-Q.; Luo, B.-S.;
Chen, L.-R.; Huang, X.-Y.; Kang, B.-S. Chem. Soc., Dalton Trans
1996 2617. (h) Liu, C. W.; Pitts, J. T.; Fackler, J. P., Bolyhedron

1997 16, 3899. (i) Fackler, J. P., Jr.; Staples, R. J.; Liu, C. W.; Stubbs,

R. T.; Lopez, C.; Pitts, J..TPure Appl. Cheml998 70, 839. (j) Zheng,
H.-G.; Tan, W.-L.; Low, M. K. L.; Ji, W.; Long, D.-L.; Wong, W.-
T.; Yu, K.-B.; Xin, Z.-Q.Polyhedron1999 18, 3115. (k) Matsumoto,
K.; Tanaka, R.; Shimomura, R.; Nakao, Morg. Chim. Acta200Q
304, 293. (I) Fackler, J. P., Jmorg. Chem2002 41, 6959. (m) Chen,
Y.-B.; Li, Z.-3.; Qin, Y.-Y.; Kang, Y.; Cheng, J.-K.; Hu, R.-F.; Wen,
Y.-H.; Yao, Y.-G. Inorg. Chem. Commur2003 6, 405.
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A. A. J.J. Chem. SacA 1971, 1409. (e) Larin, G. M.; Dyatkina, M.
E. 1zv. Akad. Nauk. SSSR, Ser. Khit®72 6, 1413.

1998 1831. (b) Liu, C. W.; Shang, I.-J.; Wang, J.-C.; Keng, T.-C.
Chem. Commurl999 995. (c) Liu, C. W.; Hung, C.-M.; Chen, H.-
C.; Wang, J.-C.; Keng, T.-C.; Guo, K.-NChem. Commur200Q 1897.
(d) Liu, C. W.; Chen, H.-C.; Wang, J.-C.; Keng, T.-@ngew. Chem.,
Int. Ed. 2001, 40, 2342. (e) Liu, C. W.; Shang, |.-J.; Hung, C.-M.;
Wang, J.-C.; Keng, T.-CJ. Chem. Soc., Dalton Tran2002 1974.
(f) Liu, C. W.; Hung, C.-M.; Wang, J.-C.; Keng, T.-Q. Chem. Soc.,
Dalton Trans 2002 3482. (g) Liu, C. W.; Hung, C.-M.; Santra, B.
K.; Chen, H.-C.; Hseuh, H.-H.; Wang, J.-Gorg. Chem.2003 42,
3216. (h) Liu, C. W.; Hung, C.-M.; Hsia, H.-C.; Liaw, B.-J.; Liou,
L.-S.; Tsai, Y.-F.; Wang, J.-CChem. Commur2003 976. (i) Liu,
C. W,; Hung, C.-M.; Santra, B. K.; Wang, J.-C. Kao, H.-M.; Lin, Z.
Inorg. Chem.2003 8551-8556.

(12) (a) Jones, J. B.; Dilworth, G. L.; Stadtman, T. &ch. Biochem.

Biophys 1979 195 255. (b) Enoch, H. G.; Lester, R. 1. Biol. Chem
1979 250 6693. (c) Cone, J. E.; Martin del Rao, R.; Davis, J. N;
Stadtman, T. CProc. Natl. Acad. Sci. U.S.A976 73, 2659. (d)
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403. (d) Berardini, M.; Emge, T.; Brennan, J. &.Am. Chem. Soc.
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Table 1. Selected Crystallographic Data for [Z8eP(OEt)} 2]« (1)
and [Zn{ SeP(OPr)} 4] (2)

1 2
formula GH2004PSeZn Co4Hs5608PsS&eZn,
fw 623.39 1358.99
space group P2i/n C2lc

a A 8.558(3) 11.239(8)
b, A 19.803((7) 17.396(13)
c, A 11.901(4) 25.915(13)
o, deg 90 90

B, deg 105.272(7) 99.46(5)
y, deg 90 90

vV, A3 1945.6(11) 4998(6)

z 4 4

Pealca g €T3 2.128 1.806
(Mo Ko, A 0.71073 0.71073
w, mmt 8.913 6.948

T, K 298(2) 298(2)

R12 0.0558 0.0669
wR2 0.1396 0.1431

AR1= 3 |Fo| — IFcll/Z|Fol. PWR2= { 3 [W(Fo? — FAZ/ 3 [W(Fo?)?]} 12

CgH20Zn0O4P,Se;: C, 15.40; H, 3.21. Found: C, 15.62; H, 3.35.
FAB MS: m/z 968.8 (ZnLs"), 344.8 (ZnL'). 'H NMR (CDCL):
0 1.43[t, 12H, OCHCHg), 4.23 [m, 8H, OG1,CHg]. 3*P{'H} NMR
(20 °C, CDCh): 6 54.19 [br, 2P P(OEt), Jpse= 567 Hz]."’Se-
{™H} NMR (20°C, CDCk): 6 226.8 [br, d, 4SeSeP(OEt), Jsep
= 566 Hz].

Preparation of [Zn,{SeP(OPr)s}4] (2). Compound2 was
prepared using a method similar to that described for complex

Santra et al.

x 0.20 mm) was mounted, and data were collected. A total of 5906
reflections were collected, of which 3307 were unique,(R
0.0544) and 2426 were observed witt» 20(l). H-atoms were
added. The final cycle of the full-matrix least-squares refinement
was based on 2426 observed reflections and 172 parameters and
converged with unweighted and weighted agreement factors of R1
= 0.0558 and wR2= 0.1396, respectively. The largest residual
peak and hole are 1.020 areD.719 e/R.

Compound 2. Crystals suitable for X-ray diffraction were
obtained by slow evaporation of hexane solution of the complex.
A colorless crystal (0.40«< 0.20 x 0.10 mm) was mounted, and
data were collected. A total of 8800 reflections were collected, of
which 4151 were unique (R= 0.0582) and 2114 were observed
with | > 20(I). One of the isopropoxyl groups was found disordered.
Bond distances were constrained. These constraints wefe ©
1.48 and 2.51 A and €C = 1.54 A. H-atoms were added. The
final cycle of the full-matrix least-squares refinement was based
on 2114 observed reflections, 6 restraints, and 208 parameters and
converged with unweighted and weighted agreement factors of R1
= 0.0669 and wR2= 0.1431, respectively. The largest residual
peak and hole are 0.622 aneD.426 e/A.

Results and Discussion

Synthesis.The compounds [AS5eP(OEt}},]. (1) and
[Zn,{ SeP(OPr)} 4] (2) have been synthesized¥60% yield
from the reaction of Zn(Clg),:6H,0 and (NH)[Se:P(OR)]

except the white precipitate formed during the reaction period was (R = Et and'Pr) in a molar ratio of 1:2 in deoxygenated

redissolved in 10 mL of ether and slow evaporation of ether solution
gave colorless crystals & Yield: 60% (0.816 g). Anal. Calcd
for CosHseZn,0gPsSes: C, 21.19; H, 4.12. Found: C, 21.35; H,
4.16. FAB MS: m/z 1052.8 (ZnL3"). 'H NMR (CDCly): ¢ 1.41

[d, 48H, OCH(H3),], 4.87 [m, 8H, OCGH(CHg)). 3*P{*H} NMR

(20 °C, CDCk): 0 46.4 [br, 4P,P(OPr), Jpse= 574 Hz].’Se-
{H} NMR (20°C, CDCk): 6 255.5 [br, 8Se, dSeP(OPr), Jsep

= 573 Hz].

Safety Note.Perchlorate salts are potentially explesi Sele-
nium and its deratives are toxic! These materials should be
handled with great caution.

X-ray Crystallographic Procedures. The structures of [Zn-
{SeP(OEt }}s]. (1) and [Zn{ SeP(OPr)}4] (2) were obtained
by the single-crystal X-ray diffraction technique. Crystals were
mounted on the tips of glass fibers with epoxy resin. Data were
collected on a Siemens SMART CCD (charged coupled device)
diffractometer. Cell parameters were retrieved with SMART
softwaré* and refined with SAINT softwafé on all observed
reflection ( > 100(1)). Data reduction was performed with SAINT,
which corrects for Lorentz and polarization effects. An empirical
absorption correction was applied fband2. The structures were

water medium at room temperature. The compounds are also
formed in methanol and ethanol but in lower yield. The yield
of the isolated product is not high due to some other
unidentified decomposition products. Elemental analyses of
the compounds are in good agreement with the molecular
formulation of1 and2. Positive fast-atom bombardment mass
spectra (FAB-MS) in nitrobenzyl alcohol shawz peaks at
968.8 (ZnLs') and 344.8 (Zntt) for 1 and 1052.8 (Zs5™)

for 2. *H NMR spectra exhibit chemical shifts at1.43 and
4.23 ppm for the-CH,CHj; group of dsep ligands it and
1.41 and 4.87 ppm for the CH(CHs), group of the dsep in

2.

Structure of [Zn{SeP(OEt).},]. (1). Compoundl is
crystallized in the monoclinic space grod2:/n with 4
molecules/unit cell. A perspective view of compouhds
shown in Figure 1, and selected bond distances and angles
are given in Table 2. The molecular structure of the
compound is a one-dimensional helical chain via bridging
dsep ligands, and the structure is similar to its sulfur

solved by the use of direct methods, and refinement was performedanalogue, [ZiS,P(OEt}} 5]..*2 All zinc atoms are connected

by the least-squares methodsFwith the SHELXL-97 packag®,
incorporated in SHELXTL/PC V5.18. Selected crystal data for
the compoundsl(and?2) are summarized in Table 1.
Compound 1.Crystals suitable for X-ray diffraction were grown
from CH,Cl, layered with hexane. A colorless crystal (0A42.20

(14) SMART V4.043: Software for the CCD Detector SysteBruker
Analytical X-ray System: Madison, WI, 1995.

(15) SAINT V4.043: Software for the CCD Detector System®ruker
Analytical X-ray System: Madison, WI, 1995.

(16) SHELXL-97: Sheldrick, G. MProgram for the Refinement of Crystal
Structure University of Gdtingen: Gidtingen, Germany, 1997.

(17) SHELXL 5.10 (PC verson)Program Library for Structure Solution
and Molecular GraphicsBruker Analytical X-ray System: Madison,
WI, 1998.
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by bridging dsep ligands with an additional chelating ligand
at each zinc atom. Thus, dsep ligands exhibit a bimetallic
biconnective g, #?) and monometallic biconnectivey?)
coordination pattern. Each zinc atom is coordinated by four
selenium atoms from two bridging and one chelating dsep
ligands, and the geometry around zinc is basically distorted
tetrahedral. The ZrZn distance is 7.147 A, which is slightly
longer than observed length, 6.821 A, in [{BaP(OEt}} 5]..

The Se--Se bite distances are 3.489 and 3.499 A for bridging
and chelating ligands, respectively, whereas the-Se bite
distance in Clclusterd'acf containing the bridging dsep
ligand ranges from 3.700 to 3.811 A and 3.637 to 3.778 A



[Zn{SeP(OEt)} 2. and [ZnA SeP(OPr)2} 4]

P(GAB)
Sel2C)

Figure 1. One-dimensional helical chain of [Z8eP(OEt)} ;].. (1) with
atom-numbering scheme and thermal ellipsoids at the 50% probability level.

Table 2. Selected Bond Distances (A) and Angles (deg) for
[Zn{SeP(OEt}} ]« (1) with Esd’s in Parentheses

Zn(1)-Se(2) 2.456(2)  Se(4Zn(1)-Se(3) 89.18(6)
Zn(1)-Se(1A) 2.468(2)  P(6)Se(1)}-Zn(1B) 99.54(7)
Zn(1)-Se(4) 2.470(2) P(®)Se(2r-zn(l)  104.78(8)
Zn(1)-Se(3) 2.515(2) P(BSe(3)r-zn(l)  80.20(9)
Se(1)-Zn(1B) 2.468(2) P(LSe(4r-zn(l)  81.42(9)
Se(1)-P(6) 2.150(3)  O(3)}P(1-0(4) 95.1(5)
Se(2)-P(6) 2.153(2) O(3YP(1)-Se(d)  113.2(4)
Se(3)-P(1) 2.156(3) O(4YP(1)-Se(d)  112.4(4)
Se(4y-P(1) 2.147(3) O(3YP(1)-Se(3)  114.1(4)
P(1)-0(3) 1572(8) O(4yP(1)-Se(3)  112.7(4)
P(1)-0(4) 1.584(9) Se(#P(1)-Se(3)  108.83(13)
P(6)-0(1) 1.572(7) Se(BP(6)-Se(2)  108.38(11)
P(6)-0(2) 1.575(7)  O(1}P(6)-0(2) 97.4(4)
Se(2-zZn(1)-Se(1A) 97.70(5) O(BP(B)-Se(l)  112.4(3)
Se(2-Zn(1)-Se(d)  124.16(6) O(DP(6)-Se(l)  112.5(3)
Se(1Ar-Zn(1)-Se(4) 117.55(6) O(BP(6)-Se(2)  113.4(3)
Se(2-zn(1)-Se(3)  116.58(6) O(DP(6)-Se(2)  112.5(3)
Se(1Ar-Zn(1)-Se(3) 112.82(6)

for Ag' clustersi*¢The Zn—Se distances lie between 2.456
A and 2.514 A, which are comparable with-Z8e distances
2.462-2.481 A in [MeN]J[Zn(SePh)]*® but longer, as

between 2.336 and 2.401 A. The averageSe distance is
2.152 A, and the average#® bond length is 1.576 A. The
Se-P—Se angles are 108.40 and 108.9d4r bridging and
chelating ligands, respectively, and 107.96 and 10964

the sulfur analogue, while the S®—Se angles lie in the
range 116.26124.20 for bridging dsep ligands in Cand

Agd' clusterst! The Se-Zn—Se angles are 97.70 and 89215
for bridging and chelating ligands, respectively, whereas they
are 102.17 and 85.83for the sulfur analogue, which
indicates the geometry at the zinc center is appreciably
distorted from tetrahedral.

Structure of Zn{SeP(O'Pr)z}4 (2). Compound?2 is
crystallized in the monoclinic space grouf2/c with 4
molecules/unit cell. A perspective view of compoudds
shown in Figure 2, and selected bond distances and angles
are given in Table 3. The complex in the crystalline state
exists as a dimer, similar to [ZS,P(OPr)} 4]* and [Zn{ Se-
CNE} 4]*° having aC, point group symmetry. The structure
consists of two zinc atoms connected by two bridging dsep
ligands, and each zinc atom is further chelated by a dsep
ligand. Thus, an eight-membered ring in saddle-shape geom-
etry was formed through two zinc atoms and two bridging
dsep ligands. Both zinc atoms in a distorted tetrahedral
geometry are coordinated by four selenium atoms from two
bridging and one chelating dsep ligands. The:-Zn
distance is 4.316 A, which is longer than 3.77 A in {Z8e-
CNE®t} 4] but comparable with 4.108 A in [zfS,P(OPr
)2}4]. The Se--Se bite distances are 3.648 and 3.492 A for
bridging and chelating ligands, respectively, whereas the
corresponding S-S bite distances are 3.355 and 3.231 A in
the sulfur analogue. Although SeSe (or S--S) bite
distances are almost equal for bridging and chelating ligands
in the polymeric compounds, they are slightly longer in the
case of the bridging ligand compared to the chelating ligand
for dimeric compounds. The ZrSe distances range between
2.422 and 2.524 A, which are comparable to 2:43%68
A'in Zn,{ SeCNEL}.. The average PSe distances is 2.142
A, and the average-FO bond length is 1.556 A. The Se
P—Se angles are 117.17 and 108.8%®r bridging and
chelating ligands, respectively, and 117.31 and 109{@0
the sulfur analogue. The S&n—Se angles are 122.78 and
88.85 for bridging and chelating ligands, and those for the
sulfur analogue are 121.27 and 85.4&spectively.

VT 3P NMR Studies.Solution studies of both complexes
were done at variable temperature ranging fro#0 to —90
°C in CD,Cl,. Both of the complexes show similar patterns,
and one representative spectrum for the compleX &P (O-
Pry}4 (2) is shown in Figure 3. Therefore, the following
discussion will concentrate on compl2xAt normal NMR
experimental temperature 20, complex2 exhibits a broad
peak atd 48.95 ppm, while with increasing temperature the
broad peak gradually becomes sharp (Figure 3). At@0
the peak becomes very sharpiad7.30 ppm with satellites
(Jpse = 573 Hz). This coupling constant is slightly larger

(18) Ueyama, N.; Sugawara, T.; Sakaki, K.; Nakamura, A.; Yamashita,
S.; Wakatsuki, Y.; Yamazaki, H.; Yasuoka, horg. Chem 1988
27, 741.

expected, than the corresponding sulfur analogues which lie(19) Bonamico, M.; Dessy, Gl. Chem. Soc. A971, 264.
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Figure 2. Thermal ellipsoid drawing (50% probability level) of [Zr5&P(OPr)} 4] (2) with atom-numbering scheme. The isopropyl groups are omitted
for clarity.

Table 3. Selected Bond Distances (A) and Angles (deg) for

[ZnA{ SeP(CPr)} 4] (2) with Esd’s in Parentheses 40 °C
Zn(1)-Se(4A) 2.422(2)  Se(BHZn(l)-Se(2) 88.85(6)
Zn(1)-Se(3) 2425(2) P(BSe(1}zn(l)  81.19(10)
Zn(1)-Se(1) 2.465(2) P(BHSe(2)-zn(l)  80.05(11) 30°c J\L
Zn(1)-Se(2) 2.524(2) P(»Se(3y-zZn(1)  102.86(11)
Se(4)-Zn(1A) 2.422(2)  P(2Se(4y-zZn(1A) 98.80(11)
Se(1)-P(1) 2.153(4)  O(2YP(1)-0(1) 95.8(5) 20°C JL
Se(2-P(1) 2.141(4)  O(2¥P(1)-Se(2) 112.8(4)
Se(3)y-P(2) 2.138(4) O(1YP(1)-Se(2) 113.4(4) 0°C /\\_
Se(4)y-P(2) 2.135(4)  O(2}P(1)-Se(1) 112.9(4) -
P(1)-0(2) 1.559(8) O(1)yP(1)-Se(1) 112.8(4)
P(1-0(1) 1.569(9) Se(DP(1>-Se(l)  108.85(15) 20 °C N /\JL
P(2)-0(4) 1.532(11) Se(4d)P(2)-Se(3)  117.22(15)
P(2)-0(3) 1.564(12) O(4yP(2-0(3) 108.6(8)
Se(4A)-Zn(1)-Se(3) 122.80(7) O(4)P(2)-Se(4) 105.6(6) 30°C /\ M
Se(4A)-Zn(1)-Se(1l) 114.50(9) O(3)P(2)-Se(4) 110.5(5)
Se(3)-Zn(1)-Se(1)  109.79(8) O(4)P(2)-Se(3) 108.9(5)
Se(4Ay-Zn(1)-Se(2) 106.61(7) O(3)P(2)-Se(3) 105.8(5) . J I ﬂ
Se(3-Zn(1)-Se(2)  108.65(8) H40°C
thanJ(PSe)= 539 Hz in the compound Zn[N(S&#®,),],,%° 60 °C 1 |
a mononuclear zinc tetrahedrally coordinated by four sele-
nium atoms. 80 °C l

As the temperature is lowered, the peak becomes broad .
and most broadening takes place at® at ~47.39 ppm,
while, at —20 °C, two new broad peaks appear and are -90°C 1

centered ab 72.22 and 53.38 ppm with the original broad T I I | e e Mt T | |
peak atd 46.46 ppm. At—40 °C all three broad peaks %0 80 70 60 50 40 30 20 ppm
become sharp peaks @#46.74, 53.78, and 72.55 ppm with  Figure 3. Variable-temperaturéP NMR spectra of [Z§ SeP(OPr )} 4].
satellites Jrse= 573, 587, 640 Hz, respectively). With further
decrease of temperature t060 and —80 °C, the peak [ZnA{ S;P(OPr )}4], although association studishave
intensity ato 46.74 ppm gradually decreases, while the other shown that monomers are in equilibrium with dimers in the
two peaks intensitieso(53.78 and 72.55 ppm) increase isopropyl derivative. We have also studied ¥P NMR for
slightly and they are equal in intensity. At90 °C the peak [Zn{ S;P(OEt}} ] and [Zn{S,P(CPr )}4 and obtained
ato 46.74 ppm becomes almost negligible (0.01%) compared sijmilar results. From these observations it is clear that the
to other two peaks)53.78 and 72.55 ppm), which are equal  monomer and dimer (Scheme 1) of the complex are in
in intensity from the integration value although one is looking equilibrium in solution at 20C. At temperatures above 40
a little smaller. This is a very important observation which oc the complex exists as a monomer and shows a very sharp
has not been studied earlier by variable-temperatiréiMR peak. As the temperature is reduced, the percentage of dimer
for the analogous sulfur compounds, {Z2P(OEt}} 2].. or increases gradually at the expense of monomer. Bel&®
(20) Cupertino, D.; Birdsall, D. J.; Slawin, A. M. Z.; Woollins, J. Dorg. °C the complex exists as a dimer, and two pea3<§'z.55

Chim. Actal999 290, 1. and 53.78 ppm) with equal intensities are due to bridging
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[Zn{SeP(OEt)} 2. and [ZnA SeP(OPr)2} 4]

Scheme 1. Monomer and Dimer in Equilibrium in Solution AS= —10.54+ 0.4 J K’ mol~* for compoundl andAH =
RO, /Se,  Se,  LOR —434 0.8 kJ moft andAS= —3 £ 0.4 J K mol~* for 2.
2 P JZn ) T>40°C The bridging and chelating ligands undergo dynamic ex-
RO/ \Se/ \Se/ \OR

change (Scheme 1) for which the free energy of activation
is calculated from the coalescence temper&ta®AGF 273«=
45.0 kJ mot? for 1 and AG*273¢) = 44.09 kJ mot* for 2.

We have also recorded th&e NMR spectra in CDGhat
—30 °C for both complexes. Compount exhibits three
doublets at) 254, 237.4, and 92.9 ppm whereas compound

RO\P/OR 2 shows ab 254, 237, and 94 ppm. The doublet¥e?54 is
$ due to the presence of a monomer, and the other two
RO, /Sey, /Se? S, /S¢,  JOR doublets, which are equal in intensity, are due to the presence
/"P\ /‘Zn\ /"z.,\ /P<O of a dimer in solution. Variable-temperatuig¢ NMR is not
RO Se Se S S¢ R informative as peaks are sharp at normal temperature and
"”/P almost unchanged with variation of temperature.
RO/ \OR T<-90°C .
Conclusion

Table 4. Equilibrium Constant forll and2 at Various Temperatures

Two zinc complexes containing dialkyl diselenophosphate

Keg L/mOl, ~ Keq L/moIl,  Keq L/mol,  Keg L/mol, ligands have been synthesized. The solid-state structure of

T,K of 1(CD,Cl) 0f2(CD.Cl) 0f 1(CDClk) of 2(CDCl) . : . g
complex1 is a polymer via symmetrically bridging dsep

ggg.l §§ 113 211 8'31;’ ligands, while complex is a dimer in the crystalline state
228.4 6.5 35 4.1 0.61 possibly due to steric requirments. Each zinc atom is con-
219.4 22.7 8.9 7.2 12 nected by four selenium atoms in a tetrahedral geometry from
gég'g gg'g %g'g 91 1.6 two bridging dsep ligands with an additional chelating ligand.
200 96.4 109.6 However, variable-temperatufé® NMR studies suggested

a monomet-dimer equilibrium in solution via exchange
bridging and chelating ligands. Thus, at temperatures above
40 °C, the complexes exists as monomers, whereas dimers
are favored at lower temperatures and bele®0 °C the
complexes exists as dimers (or a polymer in the cash.of

and chelating ligands, respectively. However, in the case of
complex1 which is a polymer in the solid state, the possi-
bility of existence of a polymer below-90 °C cannot be
ruled out completely as two peakd 78.41 and 58.66 ppm)

may be also due to bridging and chelating ligands, respec- Acknowledgment. We thank the National Science Coun-

tively, in the polymeric structure. From VP NMR of the  cil of Taiwan (Grant NSC 92-2113-M-033-012) for the
compoundsl and2 in CDCl; and CRCOCD,;, it has been financial support.

found that the monomerdimer equilibrium is also solvent

dependent as we obtained different ratios of monomer and  Supporting Information Available: X-ray crystallographic files
dimer at the same temperature. Equilibrium constakitg ( in CIF format fo_r compound4 and 2. This material is available
for the monometr-dimer equilibrium were obtained from the free of charge via the Internet at http://pubs.acs.org.
concentrations of monomeric and dimeric species calculatediC034845Y

from the3!P NMR spectra by careful intergration at various
temperatures, and some of them are given in Table 4. Van't(21) Levine, I. N.Physical Chemistry3rd ed.; McGraw Hill: New York,
Hoff analysig€! of these data for dimerization of two 1988; pp 177 180.

5 8 (22) Harris, R. K.Nuclear Magnetic Resonance Spectros¢dhyd ed.;
monomeric species gavkH = —33.6 4 0.8 kJ mot* and John Wiley & Sons, Inc.: New York, 1989

Inorganic Chemistry, Vol. 42, No. 26, 2003 8871





